富山大学水素同位体科学研究センター研究報告, 33巻（全体） by 富山大学水素同位体科学研究センター












HYDROGEN ISOTOPE RESEARCH CENTER， UNIVERSITY OF TOY AMA 









赤 丸 悟 士 
岡 﨑 圭 祐 
原   正 憲 
波多野 雄 治 
松 山 政 夫 
……  9




本 多 祐 二 
井 上 光 浩 
阿 部 孝 之 
……  21
   
多角バレルスパッタリング法を用いて調製した固
体高分子形燃料電池用 Pt/TiN/C カソード触媒の 
電気化学的劣化耐性 
………………
奥 島 康 正 
井 上 光 浩 
阿 部 孝 之 
……  29
   
近赤外分光のための二重管セルシステムの開発 ………………
小 林 かおり 
槇   泰 喜 
山 本 拓 也 
原   正 憲








田 口   明 
杉 山 貴 彦 
森 田 洋 平 
田 中 将 裕 
古 藤 健 司 
宗 像 健 三 
…… 45






原   正 憲 
片 山 知 香 
中 山 将 人 
松 山 政 夫 
廣 上 清 一 
高 田 英 治 
袋 布 昌 幹 
丁 子 哲 治 
……  53




 T. YASUKAWA 





S. AKAMARU, K. OKAZAKI, M. HARA, Y. HATANO, M. MATSUYAMA 
  Magnetic properties of ZrNi-H systems ……………………………………………………………… 9
 
Y. HONDA, M. INOUE, T. ABE 
Outline of the Polygonal Barrel-Plasma Chemical Vapor Deposition Method Newly 
Developed for Particle Surface Modification ………………………………………………………… 21
 
Y. OKUSHIMA, M. INOUE, T. ABE 
Electrochemical Degradation Resistance of Pt/TiN/C Cathode Catalysts for Polymer 
Electrolyte Fuel Cells prepared using the Polygonal Barrel-Sputtering Method  …………… 29
  
K. KOBAYASHI, H. MAKI, T. YAMAMOTO, M. HARA, Y. HATANO 





A. TAGUCHI, T. SUGIYAMA, Y. MORITA, M.TANAKA, K. KOTOH, K. MUNAKATA 
Porosity and water vapor sorption property of new hydrophobic silica beads  





M. HARA, C. KATAYAMA, M. NAKAYAMA, M. MATSUYAMA, K. HIROKAMI, E. TAKADA, 
M. TAFU, T. CHOHJI 












〒678-1297 兵庫県赤穂郡上郡町光都 3-2-1 
 




Graduate School of Material Science, University of Hyogo 
3-2-1, Kouto, Kamigori, Ako, Hyogo 678-1297, Japan 
 




A rapid immunosensing method for measuring two tumor markers, alpha-fetoprotein (AFP) and 
carcinoembryonic antigen (CEA), based on particle manipulation by negative dielectrophoresis (n-DEP) 
was developed. When microparticles modified with different antibodies were subjected to n-DEP 
manipulation by the application of an AC voltage, they accumulated in particular positions in 
poly(dimethylsiloxane) (PDMS) fluidic channels modified with corresponding antibodies within 1 min. 
The presence of a specific antigen, AFP or CEA, allowed the irreversible capture of microparticles via the 
formation of immuno-complexes. Uncaptured microparticles redispersed after the AC voltage was 
switched off. The fluorescent intensity from the irreversibly captured microparticles allowed us to 
determine the concentration of AFP and CEA in the sample. The range for both AFP and CEA assays was 
0.1–100 ng/mL, which was sufficient to cover the concentration required for medical diagnoses. Our 
system measured the concentrations of AFP and CEA simultaneously in a single device with two channels 
modified for different antibodies. Since n-DEP was used for the rapid manipulation of the microparticles 
toward the PDMS surface, the time required for the assay was substantially short: 1 min for forcing and 5 
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（ positive-DEP, p-DEP ）と電場強度の弱い領域へ誘導される負の誘電泳動
（negative-DEP, n-DEP）が存在する．近年，p-DEP を用いた細胞やプローブ微粒子の
免疫反応による迅速な捕捉が報告された 4-6)．我々は，以前，マイクロ流路デバイス
に n-DEPによる微粒子の捕捉技術を組み合わせた免疫測定法を開発した 1), 7)．しかし，
この方法は，複雑な電極デザインおよび段階的な免疫反応と洗浄のためのシリンジポ
























それぞれ 1.0 mm，20 μm および 50 μm とした． 
PDMS 製マイクロ流路は，レジスト（SU-8）の鋳型から転写して得た．流路幅，ギ
ャップおよび高さを，それぞれ 150 µm，50 µm および 14 µm に設定した．この PDMS
製流路を別の PDMS 基板上に配置し，流路 1 および流路 2 に，抗 AFP 抗体溶液（10 n 
g/mL）および抗 CEA 抗体溶液（10 ng/mL）をそれぞれ導入して抗体を物理的に吸着
させた．洗浄後，PDMS 製のマイクロ流路を IDA 電極上に配置した．この際，IDA
バンドとマイクロ流路を直交させた．ポリスチレン微粒子（直径 2μm）懸濁液に，抗
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Fig.1  A microscopic image of the 




2.2. 微粒子のマニピュレーションおよび n-DEP による微粒子の免疫捕捉 
 抗 AFP 抗体固定化微粒子と抗 CEA 抗体固定化微粒子の懸濁液（1.2 x 109 
particles/mL）に異なる濃度（0.1 ng/mL–10 μg/mL）の AFP および CEA を混合した．
この混合液を誘電泳動デバイスに導入した．IDA 電極に交流電圧（10 Vpp，2 MHz）
を印加し，n-DEP を用いて PDMS 基板上へ微粒子を集積化した．免疫反応により微
粒子を捕捉するために，交流電圧を 1 分間印加した．その後，電圧印加を停止し，電















ると，抗 AFP 抗体を固定化した流路 1 に配列化された抗 AFP 抗体修飾微粒子は免疫
反応により捕捉されるが，抗 CEA 抗体修飾微粒子は捕捉されず再分散する．また，
抗 CEA 抗体を固定化した流路 2 では反対の現象が起こる．よって，流路 1 および流
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Fig. 2 Schematic representation (cross-sectional view) of the 








流路 1 を 1.0 ng/mL 抗 AFP 抗体で，流路 2
を 10 ng/mL 抗 AFP 抗体で処理した基板を用
いて，抗AFP抗体固定化粒子の捕捉を行った．
ここでは，AFP の濃度を 1.0 ng/mL とした．













ため，微粒子は免疫反応を介して PDMS 流路に捕捉されることがわかる． 
流路 1 に抗 AFP 抗体，流路 2 に抗 CEA 抗体を固定化したデバイスに，濃度の異な
るAFPと20 ng/mL CEAを含む抗体修飾微粒子懸濁液を導入し同時検出を行った．Fig. 
(A)
Channel 1 Channel 2
(B)
Fig. 3 AFP assay using the n-DEP device. 
(A) Fluorescent images of the 
microparticles (A) before and (B) 5 min 
after the AC voltage was turned off in the 




す．Fig. 4A および Fig. 4B は，それぞ
れ AFP を検出するための流路 1 およ
び CEA を検出するための流路 2 から
同時に得られた蛍光強度である．流路

















 本研究では，DEP を用いた微粒子の迅速な集積・配列化技術を用いて，2 種類の腫
瘍マーカーである AFP と CEA の同時検出を行った．この手法では，表面に固定化さ
れた抗体分子と溶液中の抗原およびプローブ（蛍光微粒子）の反応に，DEP による微
Fig. 4 Relative fluorescent intensities as a function 
of AFP concentrations.  Fluorescent intensities 
were simultaneously obtained from (A) channel 1 
for AFP and (B) channel 2 for CEA of a 
multi-sensing device injected with sample solutions 
containing various concentrations of AFP and 20 
ng/mL CEA. (C) Intensities obtained from the 
sample containing only AFP.  
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Abstract 
  We estimate the amount of hydrogen isotope gas stored in getter materials without using a 
desorption process and by measuring the magnetic susceptibility of ZrNi–H systems. The magnetic 
susceptibility of ZrNiHx increased with an increase in the hydrogen content, x, reaching a maximum 
value at x  0.5. As x > 0.5, the magnetic susceptibility began to decrease and reached a minimum 
value at x = 2.7. The behavior of magnetic susceptibility could be qualitatively modeled using the 




  The hydrogen storage properties of a ZrNi getter, such as low equilibrium pressure, 
resistance to disproportion via hydrogen uptake, and relatively low desorbing 
temperatures are favorable for the safe storage and supply of hydrogen isotope gas [1]. 
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Therefore, a ZrNi getter is one of the candidates for tritium storage getter in future 
nuclear fusion reactors [2-4]. 
  Estimating the amount of tritium gas stored in a ZrNi getter is important for 
managing the tritium gas inventory. In general, this amount is estimated using a 
volumetric method: gas pressure and volume are measured after desorption of tritium 
gas from a ZrNi getter. In ordinary managements, estimating the stored tritium amount 
via desorption techniques is difficult because there is a possibility of tritium leakage 
during the measurement process. A calorimetric method is a reliable candidate for 
measuring the stored tritium amount without a desorption process. In this method, the 
amount of tritium is estimated based on the decay heat [5-12]. This method is 
advantageous over the volumetric method, but an accurate estimation with the 
calorimetric method requires a measurement time of ~24 h. 
  The magnetic properties of a getter material can be utilized to estimate the amount of 
hydrogen isotope gas stored in a getter without a desorption process; this is because the 
magnetic properties often depend on the amount of absorbing hydrogen isotope gas. For 
example, the magnetic susceptibility for the Pd–H systems is proportional to the amount 
of hydrogen in Pd [13]. The estimation method using the magnetic susceptibility of a 
getter has a few advantages over other methods: the measurement is performed with 
keeping hydrogen isotope gas in the getter, and the measurement time is short. 
Therefore, this method could be applicable to the regular monitoring of hydrogen 
isotopes stored in a getter material. To apply this method to a ZrNi getter, the magnetic 
properties of ZrNi–H systems should be investigated. 
  In this work, the dependence of the magnetic susceptibility on the stored hydrogen 
amount in a ZrNi getter at room temperature was investigated. In addition, the behavior 
ZrNi-H 系の磁気特性 
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of the magnetic susceptibility relative to the stored hydrogen amount was discussed 
based on the molar fractions of the crystallographic phases formed in ZrNi–H systems. 
 
2. Experimental 
  Zr and Ni grains, the initial materials used for preparing a ZrNi getter, were 
purchased from Furuuchi Chemical Co. Ltd. and Kojyundo Kagaku K.K., respectively. 
The purities were 99.7% and 99.9% for Zr and Ni, respectively. The grains were 
weighed to yield an atomic ratio of 1:1, and they were then compounded into a ZrNi 
ingot by using an arc furnace under argon atmosphere. To remove residual oxygen in the 
argon atmosphere, a titanium ingot was melted in advance. The ZrNi powder was 
obtained using the following process: the ZrNi ingot was cut into cubes ~10 10 10 
mm3, and the cubes were inserted into a quartz cell attached to a vacuum system. The 
cell was set at 510−5 Pa, and a heat treatment at a temperature of 873 K was then 
performed as an activation process. Hydrogen gas at a pressure of 105 Pa was 
introduced into the cell at room temperature. Because the hydrogen gas pressure 
gradually decreased with hydrogen uptake, hydrogen gas was repetitively added to 
maintain the gas pressure. After a week, the ZrNi ingot was completely pulverized from 
the hydrogen uptake. The ZrNi hydride powder was taken out to air, and ~0.25 g of the 
powder was transferred to a quartz measurement cell. The measurement cell was 
evacuated to 510−5 Pa, followed by the annealing of the cell with the ZrNi powder at 
873 K for 3 h to completely desorb hydrogen from the ZrNi hydride. 
  The magnetic susceptibility and amount of hydrogen stored in the ZrNi powder were 
measured by a self-made, pressure-composition isotherm measurement system equipped 
with an alternative magnetic susceptibility measurement system. The details of the 
赤丸悟士・岡﨑圭祐・原正憲・波多野雄治・松山政夫 
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system were already described in a previous paper [13]. The measurement process was 
as follows: hydrogen gas at a certain pressure was exposed to the ZrNi powder, and the 
pressure decreased with hydrogen uptake. Once the pressure became constant, the 
hydrogen pressure in the gas phase and stored hydrogen amount had reached 
equilibrium. The hydrogen content at equilibrium, which corresponds to the stored 
hydrogen amount in the ZrNi powder, was calculated based on the pressure drop. Next, 
the alternating magnetic susceptibility at equilibrium was measured. This process was 
repeated until the equilibrium pressure reached ~100 kPa. All measurements were 
performed at room temperature. X-ray diffraction (XRD) patterns were measured using 
the X’pert system (Panalytical) using Cu-K x-rays. The acceleration voltage was 40 
kV, and the range of the diffraction angle was 25°–50°. 
 
3. Results and discussion 
  Figure 1 shows the dependence of magnetic susceptibility on the hydrogen content 
for the ZrNi–H systems at room 
temperature. The magnetic 
susceptibility of ZrNi powder without 
hydrogen was 22.010−9 m3/kg, which 
agreed with previously reported data 
[14]. The magnetic susceptibility 
gradually increases with increasing 
hydrogen content and has a maximum 
value of 23.110−9 m3/kg at a 


























Hydrogen content, x / -
Figure 1. Magnetic susceptibilities of the ZrNi–H 
systems at room temperature. The open and 
closed symbols indicate corresponding results 




hydrogen content above 0.5, the magnetic susceptibility decreased linearly with 
increasing hydrogen content. In this study, the ZrNiH2.7 system with the maximum 
hydrogen content has a minimum magnetic susceptibility of 16.610−9 m3/kg. To 
confirm the reproducibility of the magnetic susceptibility dependence on the hydrogen 
content, the magnetic susceptibility for the ZrNi–H systems was measured as a function 
of hydrogen content the second time after the desorption of all the hydrogen absorbed in 
the first cycle of the measurement (Fig. 1). Results obtained in the second cycle of 
measurement were consistent with those from the first cycle, indicating the magnetic 
susceptibility values to be quantitatively reproducible. 
The peak structure in the magnetic susceptibility is possibly because of changes in the 
crystallographic phases upon hydrogen uptake. ZrNi hydride is characterized by two 
crystallographic phases, namely monohydride and trihydride phases [15]. The pressure 
composition isotherm reported previously [16] indicated that the ZrNi and monohydride 
phases coexist at the hydrogen contents lower than 1.0, and the monohydride and 
trihydride phases coexist in the hydrogen content range between 1.0 and 2.7. 
To confirm changes in the crystallographic phase of the ZrNi–H systems based on 
hydrogen content, four samples with different hydrogen contents were prepared, and the 
XRD measurements of these samples were performed. Figure 2 shows the XRD patterns 
of the ZrNiH0.0, ZrNiH0.5, ZrNiH1.0, and ZrNiH2.7 systems (ZrNi hydride with hydrogen 
content in the ratio [H]/[ZrNi] = x is denoted as ZrNiHx). 
The XRD pattern of the ZrNiH0.0 system clearly shows peaks related to the ZrNi 
phase. A minor peak related to the trihydride phase is also observed, and the appearance 
of this peak can be explained by the capture of residual hydrogen during pulverization 
of the ZrNi ingot. 
赤丸悟士・岡﨑圭祐・原正憲・波多野雄治・松山政夫 
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New peaks related to the monohydride phase 
clearly appear in the XRD pattern of the 
ZrNiH0.5 system, indicating that this system is 
composed of ZrNi and monohydride phases. 
The ZrNiH1.0 system is also mainly composed 
of the ZrNi and monohydride phases, and in 
addition to this, the trihydride phase appears to 
have grown. The XRD pattern of the ZrNiH2.7 
system shows only the trihydride phase. These 
results reveal that the crystallographic phases of 
ZrNi–H systems change with hydrogen uptake. 
  XRD measurements also point out that the 
molar fraction of each phase in the ZrNi–H 
system also changed with hydrogen uptake 
because the relative peak intensity between 
these three phases changed in the four samples. 
We attempted to estimate the molar fraction for 
the three phases by calculating the peak area of 
each phase in the XRD patterns. The peak 
areas of the selected peaks corresponding to 
each phase (the selected peaks are indicated by 
gray areas in Figure 2) can be calculated using peaks reproduced by a Gaussian function. 
The molar fraction of the ZrNi, monohydride, and trihydride phases in each sample was 






















































































































































































































Figure 2. XRD patterns of four ZrNi 
hydrides with different hydrogen content. 
The gray areas indicate the analyzed 
peaks of the molar fractions shown in 
Figure 3; the gray areas around 34°, 35°, 
and 45° correspond to the (040) and (111) 
peaks related to the trihydride phase, the 
(111) peak related to the monohydride 
phase, and the (131) peak related to the 
ZrNi phase, respectively. 
ZrNi-H 系の磁気特性 
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trihydride phase, and the sums of the (111) and (040) peak areas related to the trihydride 
phase in each sample were normalized assuming that the molar fraction of the trihydride 
phase, Ctri, in the ZrNiH2.7 system was 100%. Because the ZrNiH0.0 system comprises 
the ZrNi and trihydride phases, the molar fraction of the ZrNi phase in this system was 
determined by the subtraction of the trihydride phase fraction; the result was 99%. The 
molar fractions of the ZrNi phase, CZrNi, in ZrNiH0.5 and ZrNiH1.0 systems were 
determined by comparing the corresponding ZrNi (131) peak areas with the ZrNi peak 
area for the ZrNiH0.0 system, and they were 41% and 24% for ZrNiH0.5 and ZrNiH1.0, 
respectively. Finally, the molar fractions of the monohydride phase, Cmono, in the 
ZrNiH0.5 and ZrNiH1.0 systems were determined by subtracting the fractions of the ZrNi 
and trihydride phases, and they were 57% and 66% for ZrNiH0.5 and ZrNiH1.0, 
respectively. The molar fractions of the ZrNi, monohydride, and trihydride phases for 
each sample are plotted in Figure 3. The 
amount of hydrogen stored in each sample 
can therefore be calculated based on the 
phase fraction (Figure 3). These results are 
summarized in Table I. The calculated 
hydrogen contents in each sample are almost 
consistent with the actual hydrogen contents, 
proving that the phase fractions can be well 
estimated from the XRD patterns. 
  The magnetic susceptibility of these four samples can be estimated using the molar 
fractions (Figure 3). First, the magnetic susceptibility of each single phase was 



















Hydrogen content, x / -
Figure 3. The estimated molar fraction of 
each phase using the typical X-ray 
diffraction peaks for each phase as indicated 
in Figure 2.  
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magnetic susceptibility of the ZrNiH2.7 system, measured as 16.610−9 m3/kg, can be 
assigned to the trihydride phase,tri. The ZrNiH0.0 system includes a small amount of 
the trihydride phase; therefore, the magnetic susceptibility of the ZrNi phase, ZrNi, is 
slightly larger than that of the ZrNiH0.0 system and is estimated to be 22.110−9 m3/kg. 
Because the magnetic susceptibility of the ZrNi–H systems has a maximum at a 
hydrogen content of ~0.5 (Figure 1), the magnetic susceptibility of the monohydride 
phase is expected to be larger than that of the ZrNi phase. We assume the magnetic 
susceptibility of the monohydride phase,mono, to be 23.110−9 m3/kg. The total 
magnetic susceptibility, cal, of each system was calculated as; 
calCZrNi ZrNi + Cmono mono + Ctritri.
The cal values for the four ZrNi–H systems are summarized in Table I. The cal values 
are almost the same as the experimentally measured values for the magnetic 
susceptibility, indicating that the magnetic susceptibilities for the ZrNi–H systems can 
be qualitatively understood based on the molar fraction of the ZrNi, monohydride, and 
trihydride phases. Notably, the cal of the ZrNiH0.5 system is smaller than the one 
measured. This is mainly because of the uncertain molar fraction estimated from the 
XRD patterns. More accurate determination of the fractions of these three phases in 
each sample will be required to quantitatively determine the magnetic susceptibility. 
Table I. The calculated hydrogen content and magnetic susceptibility for each ZrNi-H system. 
The magnetic susceptibility of the ZrNi phase is estimated to be 22.1 × 10-9 m3/kg and that of the 
monohydride phase is assumed to be 23.1 × 10−9 m3/kg. 
Magnetic susceptibility / 10−9 m3kg−1 
 
Calculated 
hydrogen content cal Measured value 
ZrNiH0.0 0.03 22.0 22.0 
ZrNiH0.5 0.63 22.4 23.1 
ZrNiH1.0 0.93 22.1 22.1 




  The magnetic susceptibilities for ZrNi–H systems with various hydrogen contents 
were measured at room temperature. The magnetic susceptibility reached a maximum at 
a hydrogen content of ~0.5, and monotonically decreased with an increase in the 
hydrogen content above 0.5. The XRD measurements of four samples with different 
hydrogen content indicated that several phases coexist in the samples. For example, the 
ZrNiH1.0 system is composed of three phases: the ZrNi, monohydride, and trihydride 
phase. 
 The behavior of magnetic susceptibility in ZrNi–H systems could be qualitatively 
modeled using the molar fractions of the ZrNi, monohydride, and trihydride phases 
observed by X-ray diffraction analysis. The molar fraction of each phase can be 
estimated using the area of the diffraction peak assigned to this phase. The magnetic 
susceptibility of each phase can be qualitatively determined by knowing the 
experimentally measured magnetic susceptibilities and phase fractions for each ZrNi–H 
system. 
  For the ZrNi–H systems, the magnetic susceptibility measurements can be used to 
estimate the amount of hydrogen stored in the ZrNi getter at higher hydrogen contents 
(above 0.5). To estimate the amount of hydrogen stored in a ZrNi getter at lower 
hydrogen contents, suppressing the growth of the monohydride phase by alloying, i.e., 
Zr(Ni1−xCox) is necessary. 
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This report describes the outline of the “polygonal barrel-plasma chemical vapor deposition (CVD) 
method” and its units in detail. This method is embodied as a new particle surface modification system 
consisting of 5 parts: 1) a gas-supply unit, 2) a vacuum chamber unit (including gas shower and barrel 
electrodes), 3) a radio frequency (RF) power supply unit (including matching box), 4) a vacuum pumps, 
and 5) a control unit. In this method, a hexagonal barrel containing particles is rotated or oscillated during 
plasma CVD, leading to the efficient and uniform surface modification of individual particles with various 
materials, especially carbon and metal oxides. In addition, the film thicknesses of the deposited materials 
can be controlled very easily by changing the RF power and treatment time. Thus, the polygonal 
barrel-plasma CVD method allows controllable surface modification of particles and is useful for research 











































2. 多角バレルプラズマ CVD 法の装置
構成と詳細 








































































Figure 2 ガス供給系の概略図 









内部が 6 角形に加工されている。 
 ここでプラズマ発生までの手順の概略を











2-3. RF 電源系 
 多角バレルプラズマ CVD 装置では、RF 電源とともにプラズマを安定化させるマッチングボッ
クス（NM1A250K-01、ノダ RF テクノロジーズ）が採用されている（Figure 7）。しかし、従来の
マッチングボックスでは、バレル内壁への微粒子付着を防止するための打刻操作に起因するイン
ピーダンスの細かいずれに対処できず、プラズマが不安定化した。そこで、マッチングボックス
Figure 5 (A) バレル電極と(B) 6 角バレルの写真 
電極部 200 mm 









































250 kHz の RF 電源（NR1P250K-01（最大出力 1000 
W）、ノダ RF テクノロジーズ）を用いている[37]。 
 
2-4. 真空排気系 
 本装置では真空排気を行うために、Figure 8 に示
す 3 種類の真空ポンプ（A: ロータリーポンプ（RSV 






 Figure 9 は装置を制御するタッチパネルを示して
いる。この図において、(A)～(C)はそれぞれガス流
























Figure 9 装置制御用タッチパネル（A: ガス
供給系、B: RF 電源系（処理時間を含む）、
C: 真空排気系） 
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Electrochemical degradation resistance of carbon-supported Pt and TiN (Pt/TiN/C) cathode catalysts for 
polymer electrolyte fuel cells prepared using the polygonal barrel-sputtering method was investigated. The 
characterization of the prepared carbon-supported TiN (TiN/C) samples showed that TiN nanoparticles 
were uniformly deposited on the surfaces of the carbon particles. Subsequently, Pt/TiN/C catalysts were 
prepared by sputtering Pt on the TiN/C samples. The change in electrochemical surface areas (ESAs) of the 
obtained samples was evaluated by successive potential cycling. As compared with the carbon-supported Pt 
catalyst, the Pt/TiN/C catalyst with the amount of TiN deposited of 10 wt.% showed smaller ESA reduction 
after 100th potential cycling. The effects of TiN on the ESA reduction became greater by increasing the 
amount of deposited TiN from 10 to 24 wt.%, although the ESA absolute values decreased. These results 











第 43 回東京モーターショー2013 ではコンセプトカーが公開されている。しかし、PEFC の普及に
は未だいくつか課題を抱えており、その一つとしてカソード触媒の劣化が挙げられる[1]。 
 PEFC カソードでは、現状、酸素還元に高活性な Pt が電極触媒として使用されている。しかし、












 試料は、導電性カーカーボン粉末（Vulcan XC72R、Cabot、平均一次粒子径 30 nm）を担体に用
いて調製した。カーボン粉末は、水分による粒子の凝集を防ぐために使用前に 180℃で乾燥した
[14,16,18,19]。多角バレルスパッタリング法による TiN の担持は Ti 板（50 × 100 mm）をターゲッ
トに用いて以下のように行った[15]。乾燥した Vulcan XC72R を導入した 6 角バレルを真空チャン
バーに設置し、ロータリーポンプ、油拡散ポンプを用いて真空排気した。残留ガスの圧力が 9.9 × 
10-4以下に達した後、Ar + N2 混合ガス（N2分圧: 35%）をチャンバー内に導入し、RF 出力: 495 W、
ガス圧: 1.1 Pa の条件で加熱しないでスパッタリングを行った。この時 6 角バレルは、カーボン粉
末の凝集体を一次粒子へ粉砕するとともに、それらを撹拌するために振幅: 75°、周期: 14.7 秒/回
で振り子動作させた。スパッタリング時間、および Vulcan XC72R の投入量は、TiN 担持量を変え




 続いて、上記した手順に従って、調製した TiN 担持カーボン（TiN/C）上に Pt を担持した。タ
ーゲットには Pt 板（50 × 100 mm）を用い、スパッタリングは、RF 出力: 25 W、Ar ガス圧（純







 TiN 形成は、X 線回折装置（XRD: PW1825/00、Philips）で評価した。試料中の TiN、および Pt
担持量は蛍光 X 線分析装置（XRF: PW2300/00、PHILIPS）により求めた。検量線は、TiN 担持量
測定時はニラコから購入した Ti 粉末を Vulcan XC72R で希釈した試料、Pt 担持量測定時は Vulcan 
XC72R で希釈した市販の Pt/C 試料（HiSPECTM 4000、Johnson Matthey、Pt 40 wt.%）を標準試料に
用いて作成した。TiN の担持状態は透過電子顕微鏡（TEM: JEM-2100、JEOL）を用いて観察した
（高圧電源電圧: 200 kV）。 
 
2.3 電気化学測定[8] 
 電気化学測定は、三極式セルを用いて 0.5 mol dm-3 H2SO4中で行った。測定には Pt ワイヤーを
対極、飽和カロメロ電極を参照電極として使用した。本論文ではすべての電極電位を可逆水素電
極電位（RHE）で表記している。作用極は以下のように作製した[14,16,22]。10 mg の調製試料を
純水（7 ml）+ 2-プロパノール（3 ml）の混合溶液中で 20 分間超音波処理することで均一な分散
液を調製した。5 μl の分散溶液を鏡面状に研磨したφ5 mm のカーボンディスク電極（HR2-D1-GC5、
北斗電工）上に塗布し、N2通気下で乾燥後、エタノールで希釈した 0.25 wt.%ナフィオン溶液を 5 
μl 塗布することで試料を固定した。この作用極を用いて、試料を劣化させるための連続電位掃引
を N2飽和した H2SO4 中で行った[8,23]。電位掃引は室温、掃引速度: 50 mV s-1の条件で PEFC 運転
時のカソード電位に相当する 597～1093 mV vs. RHE で行い、触媒劣化は定期的に 41～1041 mV vs. 






た試料の XRD 測定から TiN 形成を評価した。図 1 は 2θ 
= 30～60°の範囲で得られた XRD パターンを示す。こ
のパターンには 1本のピークが 2θ = 42.4°に認められた。
このピークは面心立方構造の TiN(200)ピークに帰属で
き[15,24]、本条件で TiN が形成することがわかった。 
 次に、TiN/C 試料中の TiN 担持量を XRF で求めた。
その結果、TiN 担持量は、1 g のカーボン投入量で 5 時
間スパッタリングした試料において 24 wt.%（以降、
TiN/C-(24)と表記）、2 g の投入量で 2 時間スパッタリ
ングした試料において 10 wt.%（TiN/C-(10)と表記）と求まった。図 2 は TiN/C-(24)と担体である
Vulcan XC72R の典型的な TEM 像を示す。両者を比較すると、TiN/C-(24)にのみ約 10 nm の粒径を
有する粒子が認められ、スパッタリングされた TiN がナノ粒子として担体上に均一に担持されて
いることがわかった。なお、上記した 2 つの TiN/C 試料に Pt をスパッタリングした結果、Pt 担持

















Figure 1 XRD pattern of a glass plate 
sputtered with Ti at Ar + N2 gas 









3.2 ESA 減少に及ぼす TiN 担持の影響 
 Pt/TiN/C 試料を用いて、連続電位掃引を
繰り返した際の ESA の変化を評価した。図 3 は、1、100、500 回の電位掃引時に測定した（A）
Pt/TiN/C-(10)と（B）Pt/TiN/C-(24)のサイクリックボルタモグラムを示す。この図には、比較のた
Figure 3 Cyclic voltammograms of (A) Pt/TiN/C-(10), (B) Pt/TiN/C-(24), and (C) Pt/C obtained at 1st, 100th 
and, 500th potential cycling (sweep rate 20 mV s-1). The potential cycling was conducted at 50 mV s-1 between 
597 and 1093 mV vs. RHE. 
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めに Pt のみをカーボン粉末にスパッタリングして調製した Pt/C 試料（Pt 担持量: 24 wt.%）の結果
も載せている（図 3(C)）。いずれの試料においても、1 回目の電位掃引で得られたボルタモグラム
には Pt 上の水素の吸脱着に起因する酸化・還元電流と Pt 酸化物の形成とその還元に起因する電流
が 41～300 mV vs. RHE と 650 mV vs. RHE より貴な電位範囲に認められた[25]。しかし、水素吸脱
着ピークはブロードであり、これらのボルタモグラムは汚れた Pt 電極の結果に類似した[26]。一
方、100 回の電位掃引時に測定したボルタモグラムは水素吸脱着ピークが明瞭になり、清浄化さ
れた Pt 電極のボルタモグラム[25]に類似した。同様のボルタモグラムは 500 回目の電位掃引時で




  ESA (cm2) = Q/210     (1) 
 
式中の Q は Pt 上の水素脱着反応に起因する電荷量（μC）、210 は Pt 単位面積辺りの水素脱着反
応から得られる電荷量（μC/cm2）を表す。図 4 は、式(1)と測定に用いた試料量から求めた 100 回
目以降の Pt 重量あたりの ESA と電位掃引回数の関係を示す。Pt/TiN/C-(10)と Pt/C を比べると、100
回目の ESA はいずれも約 80 m2 gPt-1と同等であ
り、この値は電位掃引を繰り返すと徐々に低下
した。しかし、200 回目以降の ESA の値は
Pt/TiN/C-(10)の方がいずれも大きく、TiN の担持
が ESA 減少の抑制に有効であることがわかった。
一 方 、 Pt/TiN/C-(24) に 関 し て は 、 ESA が
Pt/TiN/C-(10)より緩やかに減少しており、TiN 担
持量の増加が ESA 減少の抑制効果を高めると言









 本研究では、多角バレルスパッタリング法で調製した Pt/TiN/C 触媒を用いて PEFC カソード触
媒の ESA 減少に対する TiN 担持効果を検討した。その結果、ESA 減少は TiN の担持により抑制
されることが明らかとなった。 
 
Figure 4 ESAs of Pt/TiN/C-(10), 
Pt/TiN/C-(24), and Pt/C versus potential 
cycling number. 
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Near-infrared spectroscopy has potential as a new suitable tool to detect tritiated water (HTO, T2O).  We 
previously carried out the initial study with a single-walled cell system and got some spectra of tritiated 
water vapor.  Because of the radioactive nature of tritium, tritiated water was decomposed into tritium gas 
and oxygen by radiochemical reactions, and there was a need for a reoxidizing system and other updates to 
improve tritium recycling and safety issues.  Therefore, we developed a new double-walled cell system 
and tested its basic performance.  The performance of the cell was found to be appropriate for the 




1. 緒言  
トリチウムの計測は放射性物質の安全管理の観点からも非常に重要である。特に、国際熱



























ステンレスとし、トリチウムに暴露される部分の接続は ICF フランジまたは VCR を用い、
バルブはベローズバルブを使用する。ICF は真空継ぎ手の規格であり、銅製のガスケットに
エッジを食い込ませることにより気密を得る構造で、広く高




















Figure 1. The design image 








3. リークチェックと合成及び分光のコールドラン  
3.1. リークチェック  























約 300℃で 1-2 時間程度加熱すると重水ができることを質量分析器を用いて確認した。その
後、生成した重水は液体窒素により水リザーバーに捕集し、セル内の水蒸気の回収が出来る
か確認した。 
次に CuO の触媒容器内に数 cm に切断したプラチナワイヤー((株）ニラコ 直径 0.10 mm





















標準セル(1.3 kPa 光路長 10 cm)を用いて検証しており、分光時に最適な湿度としては光路内
の湿度計で約 35%以下の場合が望ましいという結果を得ている。今回、二重管セルシステム
下で、その効果の再評価を行った。その測定の一例として 7216-7217 cm-1の領域のスペクト











  実験データは PC 内の LabVIEW プログラムによって収集されている。これまでのプログ
Figure 2.  Comparison of measurements of sample cell placed in air and dry nitrogen 
environment.（Black dot: in air (humidity at 52 %) gray line：in dry nitrogen (humidity less 
than 35 %)） (a) FM modulation signal (b) direct absorption signal. 
近赤外分光のための二重管セルシステムの開発 
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ラムで得られたスペクトル中にはデジタルマルチメータで 1 ステップあたり 1 回の電圧読み
取りでノイズが顕著であった。積算による S/N の向上のためにデジタルマルチメータから









4. トリチウムガス(74 GBq)を用いたトリチウム水の合成  
 リークテスト後、二重管セルシステムを管理区域内の実験光路に設置し、排気系およびト











ルが強くなり、使用できない。我々は無担体の 74 GBq のトリチウムガスをプラチナワイヤーと
Figure 3  The block diagram of a double-walled cell system. 
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CuO 上で加熱酸化させることでトリチウム水を合成することにした。二重管セルシステムに  
74 GBq のトリチウムガスが封入された容器（日本アイソトープ協会 ARC）を繋ぎ、再生器に入
れた CuO と Pt を加熱し反応させることで無担体のトリチウム水の合成を行った。ここでは、Pt




ることに成功した。トリチウム水の合成の約 1 週間(190 時間)後に再生器による再酸化を行い、再
合成前の全圧と比較して 99.15%の圧力を示し、再酸化できることを確認した。 
合成には純度の高いトリチウムガスを用いているが、74 GBq のトリチウムガスは約 0.7 mg 程
でしかなく、系内に残留する軽水も混入して T2O および HTO が生成していることが考えられる。




システム部分は 3.4 で記述した部分を除いて参考文献 2 と同じである。Littman-Metcalf 外部共振
器型半導体レーザーの帯域は同じであるが、新たな素子に交換してあり、このレーザーの帯域
は約 7200-7400 cm-1 である。モードホップが目立つため、現状では部分的な測定である。この帯
域はトリチウム水の中でも HTO の観測が期待される領域である。[2]図 2 に既に示してあるよう
に近赤外領域でのトリチウム水(HTO)スペクトルの獲得に成功した。2 つの量子化学計算の結果
Tomsk Database (http://spectra.iao.ru/)及び参考文献 2の supplemental dataを参照し暫定的に帰属を行
っている。帰属については今後、詳細について検討する必要がある。また、T2O スペクトルの吸
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	
The porosity and water vapor sorption property of commercially available hydrophobic SiO2 beads were 
investigated. The hydrophobic SiO2 beads, the surface of which has been modified by trimethylsilyl 
functional groups, with a surface area of 70.7 m2/g, a mesopore diameter of about 36 nm and a mesopore 
volume of about 0.91 cm3/g showed lower water vapor sorption property as compared to the unmodified SiO2 
beads; the amount of monolayer water adsorbed were estimated to be 2.94×10-3 and 5.12×10-3 g(H2O)/g(adsorbent) 
for hydrophobic and unmodified SiO2 beads, respectively. The evaluation of the heat of water vapor sorption 
suggests that the suppression of water cluster formation by trimethylsilyl groups is attributed to the 





 The combined electrolysis catalytic exchange (CECE) method is a practical process for the 
enrichment of heavy water and the extraction of tritium from light and heavy water mixtures.[1-
3] From the development of the CECE process and afterwards, much effort has been devoted 
to improve the catalytic activity, design of the catalyst bed, and operation parameters.[1,4,5] 
One of the CECE catalysts commercially available at the present is the styrene-divinylbenzene 
copolymer supported Pt catalyst which has been known as the Kogel catalyst.[1,3-5] Although 
the superior activity and life time with satisfactory operating results of the Kogel catalyst have 
been well known, one problem is the difficulty in its mass production and hence a high price. 
Therefore, the development of a new preparation method with improved activity is still an 
interesting task.  
 From these backgrounds, we started our attempt at preparing a new CECE catalyst from 
commercially available, relatively cheap materials such as SiO2, Al2O3 and activated carbon. 
Among the several physical and chemical properties required for a CECE catalyst support, such 
as porosity, water resistance, and hardness, one of the most important properties is 
hydrophobicity.[1,4,5] Although the hydrophobic/hydrophilic property is difficult to define 
quantitatively [6], it has been known that hydrophilic CECE catalysts easily cause pore blocking 
due to the condensation of water vapor, resulting in the decrease in catalytic activity.[1,4,5] We 
⏣ཱྀ࣭᫂ᮡᒣ㈗ᙪ࣭᳃⏣ὒᖹ࣭⏣୰ᑗ⿱࣭ྂ⸨೺ྖ࣭᐀ീ೺୕

 have chosen hydrophobic SiO2 beads (Fuji 
Silysia Chemical Ltd., Aichi), denoted as 
SiO2B, for use as the catalyst support in a new 
CECE catalyst system. In this note, we report 
some fundamental properties of SiO2B, 
especially focusing on water vapor sorption 
properties in addition to other pore structural 
properties. As a reference material, SiO2 
beads (CARiACT-Q50, Fuji Silysia, denoted 
as SiO2BH2O) were used in this study. This 
SiO2BH2O was the parent material for SiO2B, 
which had trimethylsilyl functional groups 
grafted on the surface (grafting density of 1.2 
– 1.8 groups/nm2 in catalog). It should be 
noted that SiO2BH2O also shows 
hydrophobicity, since it is composed of pure 
silica [6], which excludes Al3+ or related 
counter-cations of Na+ or Ca2+ as is the case 
with hydrophilic silica gel or zeolite 
molecular sieves.  
 Fig. 1 shows the SEM image of SiO2B 
and the optical photo of SiO2B and SiO2BH2O. 
The color of these beads was white and the diameter was about 2.4 – 4.1 mm (Fig.1 inset). The 
SEM measurements (JSM-6701F, JEOL) revealed that SiO2B possessed textural pores with the 
diameter of several tens of nanometers. These pores existed as continuous wormhole-like 
structures in a SiO2 framework.  
 Nitrogen sorption isotherms were measured by using Autosorb-1MP (Quantachrome) at -
196 ºC. The samples were evacuated previously at 200 ºC for more than 12 h. Brunauer–
Emmett–Teller surface area (S.A.) were found to be 70.7 and 76.2 m2/g for SiO2B and SiO2BH2O, 
respectively. Both SiO2B and SiO2BH2O showed a type V isotherm as shown in Fig. 2 [7]; the 
sorption capacity was small in low and middle P/P0 ranges, and then suddenly increased at 
higher P/P0. This suggested that unrestricted monolayer-multilayer adsorption could occur.[7,8] 
Indeed, the micropore volumes (Vpmicro) below a P/P0 of 0.205, corresponding to the pore 
 N2 sorption isotherm of SiO2B and SiO2BH2O. 
Inset: Barrett-Joyner-Halenda (BJH) pore size 
distribution of SiO2B and SiO2BH2O evaluated from 
the desorption branch. Symbols are circle for SiO2B 
and triangle for SiO2BH2O, respectively.  
 SEM image of SiO2B. Inset: Appearance of 
SiO2B and SiO2BH2O.  
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 diameter of 2.1 nm, were 0.030 and 0.034 
cm3/g for SiO2B and SiO2BH2O, respectively 
(Table 1). On the other hand, the pore volume 
in the region between 0.205 and 0.957, 
corresponding to the mesopore diameter of 
2.1 to 47 nm (Vpmeso), were found to be 0.176 
and 0.187 cm3/g, respectively, and larger than 
Vpmicro. The Barrett-Joyner-Halenda (BJH) 
pore size distribution curve (desorption 
branch) also revealed that most of the pores 
had sizes in the range of 30 – 60 nm (Fig. 2, 
inset), which was consistent with SEM measurements. The pore diameter (Dp) was found to be 
49.0 and 63.3 nm for SiO2B and SiO2BH2O, respectively. However, these high P/P0 region is 
excluded from the applicability of the N2 sorption study [8]. Therefore, we investigated the pore 
size distribution using mercury porosimetry (AutoPore IV 9510, Micromeritics). Fig. 3 shows 
the pore size distribution curves of SiO2B and SiO2BH2O and the cumulative intrusion of Hg 
(inset). It is clearly seen that both SiO2B and SiO2BH2O possess mesopores with the pore 
diameter of 36 and 37 nm, respectively, which are smaller than the ones from the BJH pore size 
distribution [8]. The pore volumes of the mesopore (Vpmeso, 2.0 – 50 nm) and macropore 
(Vpmacro, 50  414 nm) regions were listed in Table 1. It was revealed that both SiO2B and 
SiO2BH2O were mesopore-rich materials. This finding is consistent with the SEM image (Fig. 
1). From these data, we have determined the S.A., Dp and Vpmeso of SiO2B were 70.7 m2/g, 36 
nm, and 0.909 cm3/g, respectively.  
 Water vapor sorption isotherms were measured with Hydrosorb1000 (Quantachrome). The 
samples were previously heated in vacuum at 200 ºC for more than 12 h. Water vapor sorption 
isotherms (25 ºC) are shown in Fig. 4 and corresponding BET plots are shown in Fig. 4 inset. 
The adsorption capacity close to saturation was about 0.50 mmol/g for SiO2B, while it was 
  Pore size distribution of (circle) SiO2B and 
(triangle) SiO2BH2O obtained by mercury porosimetry. 
Inset: cumulative intrusion of Hg.  
Table 1 Summary of sorption study of SiO2B and SiO2BH2O. 
SiO2B
SiO2BH2O
N2 sorption Hg porosimetry
H2O vapor sorption







































 more than 1.94 mmol/g for SiO2BH2O. For 
SiO2BH2O, the amount of water vapor 
increased gradually at P/P0 < 0.7, and the 
amount adsorbed steeply increased at P/P0 
larger than 0.8. Such a steep increase can be 
attributed to the formation of water clusters as 
will discuss below. Also, substantial 
hysteresis was observed in the desorption 
branch of SiO2BH2O. The presence of 
hysteresis suggests an interaction between the 
adsorbent (SiO2BH2O) and water molecules. 
The silica surface mainly consists of siloxane 
bridges (Si-O-Si) and fewer silanol groups.[6,9] These surface siloxane bridges are hydrolyzed 
by adsorbed water molecules to form silanols, which are considered to cause the decrease in 
water molecules desorbed.  
 On the other hand, for SiO2B, the amount of water vapor adsorption is limited; the water 
adsorption ability was lower than that of SiO2BH2O over the whole range of P/P0, and the steep 
increase at high P/P0 was absent. The amount of water adsorbed at P/P0 =0.99 was less than 
one-fourth of that for SiO2BH2O. These findings demonstrated the hydrophobicity of SiO2B as 
expected. The decrease in water adsorption property was also confirmed by the significant 
reduction of the hysteresis loop in the desorption branch. These data clearly shows the 
hydrophobic property of SiO2B.  
 The surface property on water vapor sorption was evaluated using the BET plots (Fig. 4 
inset). The amount of monolayer water adsorbed (wm) can be estimated to be 2.94×10-3 and 
5.12×10-3 (g(H2O)/g(adsorbent)) for SiO2B and SiO2BH2O, corresponding to 0.163 and 0.284 mmol/g, 
respectively (Table 1). The BET constant (C) of SiO2B was slightly larger than that of SiO2BH2O, 
suggesting an interaction in this early stage. By using the surface area (S.A.) evaluated from N2 
sorption study (Table 1) and Avogadro’s number (NA), the number of water molecule per unit 







The Nwater for SiO2B and SiO2BH2O was 1.39 and 2.24 (molecules/nm2), respectively. Assuming 
the geometrical closest packing of H2O molecules (0.125 nm2/molecule), corresponding to 8 
molecules/nm2, it seems that the surface coverage by water molecules was low.  
  Water vapor sorption isotherm of SiO2B and 
SiO2BH2O. Inset; BET plots by water sorption. 




  The differential heat of water vapor 
adsorption was shown in Fig. 5. For SiO2B, a 
high heat evolution (about 60 kJ/mol) was 
seen in the initial stage of water adsorption, 
and then it decreased to less than 44 kJ/mol, 
which is the heat of liquefaction of water [10], 
at the adsorption amount of 0.05 mmol/g. 
This large exothermic effect is probably due 
to the strong interaction between water and 
unreacted silanol groups (Si-OH), which were 
left during the grafting of bulky trimethylsilane.[9,11,12] The heat of adsorption reached a 
minimum at around 0.2 - 0.3 mmol/g, which is close to the value of wm (0.163). Then, the heat 
of adsorption slightly increased with an increase in the adsorption amount. However, the 
formation of water clusters was not detectable (below 44 kJ/mol), obviously preventing the 
additional adsorption of water molecules to grow the water clusters.  On the other hand, for 
SiO2BH2O, the heat of adsorption was low at the initial stage, indicating less interaction between 
siloxane and water molecules and hence suggesting the hydrophobic character of the 
surface.[6,9] The minimum value of the heat of adsorption was observed at the adsorption 
amount of around 0.20  0.30 mmol/g, which is close to the wm (0.284 mmol/g). Then, the 
released heat increased gradually as the adsorption proceeded, attaining about 44 kJ/mol at the 
adsorption amount of about 1.65 mmol/g. These findings support the idea that after formation 
of monolayers, additional water molecules coordinate to the water molecules to form water 
clusters in the pores. The hydrolysis of siloxane bonds to generate silanol groups probably takes 
place during water uptake, which may explain the large hysteresis in the desorption isotherm. 
An FT-IR study may help us obtain more detailed understanding of the hydrolysis process, but 
it would be out of the scope of this paper.  
 In conclusion, we have investigated the porosity and water vapor sorption properties of 
trimethylsilane grafted hydrophobic silica beads (SiO2B), which we have chosen as a catalyst 
support for CECE reaction. The low water vapor sorption capacity and restricted interaction for 
water cluster formation of this SiO2B demonstrated a desired feature for a catalyst support: 
prevention of pore blocking due to water condensation. Preparation and characterization of Pt-
loaded catalysts and the CECE reaction activity of resultant catalysts will be reported elsewhere.  
 
 Differential heat of adsorption of water vapor 
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 To confirm the applicability of the modified integral counting method for the 
radioactivity measurements of low energy beta emitters, the radioactivity 
measurements of 35S and 14C were carried out using a liquid scintillation counter. The 
disintegration rates of 35S and 14C were evaluated from the liquid scintillation spectra 
by the modified integral counting method. The disintegration rates thus obtained 
sufficiently supported the applicability of this method to the radioactivity measurement 
by liquid scintillation counting without using quenched standards. Discussion was also 




























































Channel (1 Ch. = 0.05 keV)
ESCR:2.30
14C quenched standard serise
Scintillator: Ultima Gold
Aloka LSC-5100
Counting time: 10 min
Range: 0 - 200 keV
Figure 1. Liquid scintillation spectra of 14C. These samples contained equal 
activity of 14C, whereas quenching agent varied. 
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Zero detection threshold channel
Disintegration rate
Figure 2. Integral scintillation spectra of 14C. These spectra were obtained from 












た35Sの硫酸ナトリウム水溶液を0.4 mlから1.0 ml分取し，純水と混ぜ1 mlとした．これ
らに15 mlのシンチレータを添加し，4本の測定試料を調製した．なお，シンチレータに










４．１ 35S の放射能測定 
 35SのシンチレーションスペクトルをFig. 3に示す．シンチレーションスペクトルは低








UGV-02 15 (14.6249) 0.6 (0.5973) 0.4 (0.3970) 
UGV-03 15 (14.6330) 0.4 (0.3945) 0.6 (0.5996) 
UGV-04 15 (14.6357) 0.2 (0.1967) 0.8 (0.7985) 
UGV-05 15 (14.6403) --- 1.0 (1.0046) 



































































Figure 3. Liquid scintillation spectra 
of 35S. 
 
Figure 4. Scintillation spectra of 35S 








































Channel (1 Ch=0.05 keV)
Regression region
20 - 1000 Ch

























144402 min-1g-1 at -40 channel
2.407 kBq g-1
Figure 5. Integral scintillation spectra 
of 35S from normalized scintillation 
spectra in Fig 4. 
Figure 6. Zone of regression functions 
from integral scintillation spectra in 
Fig. 5 around zero channel. 
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